Introduction
The recording and interpretation of surface electromyography (SEMG) under functional electrical stimulation (FES) is a useful technique for understanding muscle activity for diagnostic, prognostic and therapeutic purposes. While FES evokes the contractions in paralyzed muscles for spinal cord injury (SCI), it also results in an interfering potential referred to as the stimulus artifact (SA) [1] .Due to some factors, the SA is a particularly troublesome form of interference. First, the amplitude of the SA is typically orders of magnitude larger than the SEMG [2] . Second, the SA is synchronous or coherent with the SEMG and thus cannot be reduced by ensemble averaging--the common method for reducing other forms of interference. Third, in most cases the SA overlaps the SEMG in both the time and frequency domains, such that conventional time windowing and frequency filtering are not capable of removing the SA without distortion of the SEMG [3] . Fourth, due to the non-linearities of the stimulation procedure, most techniques suffer from an inability to adapt to the dynamic nature of SA, and hence suffer residual artifact. This paper proposed a new approach for the dynamic SA removal based on a fundamental characteristic of the recorded signal. When recording an SEMG, the recorded artifact signal was usually several orders of magnitude greater than the pure SEMG. Using a two-level peak detection algorithm, the data matrix was scanned until a peak was detected and using two levels of amplitude threshold, the entire SA was removed leaving the uncontaminated SEMG remaining.
Methods

Algorithm
The artifact removal program was written in MATLAB. The program set high threshold (HT) and low threshold (LT) values to identify the SA and removed the total artifact including both positive and negative spikes. The program control flow was as follows: (1) The recorded composite (stimulus artifact and SEMG) data was inputted to the program. The low-frequency drift (20Hz) and the influence of 50Hz as well as other harmonic wave disturbances were removed firstly. (2) The program then scanned through the absolute data matrix of the composite signal and calculated the maximum value in the array. This value was exactly the peak artifact amplitude. Then the program initially set two threshold values: a high threshold (HT) that was the same as the half of the peak artifact amplitude and a low threshold (LT) corresponded to 1/20 times the peak value. By using the absolute matrix both positive and negative polarities were processed with the same HT/LT values. (3) The program then scanned the matrix until it reached an amplitude value that passed the LT level in an ascending trend. This maybe indicated a stimulation artifact peak, so the initial LT index point was marked. If the amplitude continued to go up and passed the HT value, the program marked this sequence which started at the passing of the initial LT value as a valid stimulation artifact. The program continued to monitor the progress of the data when it passed the HT and then the LT in decline. The program then marked and recorded the length of the artifact array (from the matrix index of the initial LT point to the matrix index of the final LT point as a detected valid peak). The program then replaced this stimulation artifact with baseline of SEMG data. (4)On the other hand, if after passing the initial LT value upward, the data dropped back to the LT value again, then it was not an artifact and was either an SEMG or sporadic noise, therefore, the program would ignore it and went on scanning the matrix for artifacts . 2. Data Collection Six healthy students (4 men and 2 women, age 22-25 years) in lab volunteered for the study. The subjects were seated comfortably in the adjustable chair with leg naturally falling. A portable stimulator (University of Illinois at Chicago & Sigmedics Company，USA) was used to deliver biphasic symmetric pulses to quadricep femoris with the following characteristics: Pulse frequency:25Hz;Maximum output current:300mA ； Maximum open-loop output voltage: 225V.
Surface ME signals were obtained from rectus femoris. The signals were detected by two surface electrodes (AgAgCl) 10 mm in diameter, with 20 mm centre-to-centre distance. The electrodes were attached parallel to the muscle fibers on the longitudinal midline of the muscle belly. A reference electrode was attached to the knee. The SEMG signals were recorded by a bipolar isolated amplifier with a gain of 5000 and CMMR> 120db. A computer with Labview software for raw data acquisition, associated with an A/D converter, permitted to sample the whole SEMG signals (sampling frequency 1000 Hz).
Results
The collected experimental data was analyzed at the base of the method mentioned in this paper. The SA amplitude differed with different stimulus levels, so the HT/LT could be adjusted to detect the entire artifact. The raw data were equally divided into a number of pieces of data of 1 s and proceeded batch processing. The table 1 displayed the processing procedure of a piece of data. After setting up the HT and LT with initial conditions, the first iteration found 16 SA. Over the next few iterations, the program continued to lower its threshold values until, iteration four, when it found all of the 25 SA waveforms. After batch processing, it was apparent that the SEMG signal of 60s was almost overwhelmed by the huge SA wave in the figure 1(a). After the two-level peak detection program, the entire SA was removed leaving the uncontaminated SEMG remaining showed in the figure 1(b). 
Discussion
The method also assumed that the SEMG and artifact were non-overlapping. The stimulation electrode location strongly influenced the effect of artifact on the SEMG signal features. The artifact amplitude was almost linearly decreasing with increasing distance between the stimulation electrode and recording electrode [4] . In this paper the recording electrode locations far from the stimulation point (60mm) insured that the artifact was almost completely separated from the SEMG. The main advantage of the technique was that the technique could dynamically adapt to different stimulation artifact wave-forms with diverse amplitude and length. It was important to note that if only the stimulation artifact spike would be removed with SEMG unaffected. The effectiveness of artifact removal was checked. If the pulse frequency was A, the time length of composite signal was B, the expected peak artifact number is A*B. If the number of artifacts detected was within 5% tolerance of that expected number, then the artifact detection process was considered successful. If the number of stimulation artifacts detected is outside of this 5% tolerance, then the program automatically changed the values of the HT and LT appropriately and performed iterations.
